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ABSTRACT The nucleotide sequence of the Japanese type
of hepatitis C virus (HCV-J) genome, consisting of 9413
nucleotides, was determined by analyses of cDNA clones from
plasma specimens from Japanese patients with chronic hepa-
titis. HCV-J genome contains a long open reading frame that
can encode a sequence of 3010 amino acid residues. Compar-
ison of HCV-J with the American isolate of HCV showed 22.6%
difference in nucleotide sequence and 15.1% difference in
amino acid sequence. Thus HCV-J and the American isolate of
HCY are probably different subtypes of HCV. The relationship
of HCV-J with other animal RNA virus families and the
putative organization of the HCV-]J genome are discussed.

Non-A, non-B hepatitis (NANBH), which occurs in some
patients after blood transfusion, is caused by viral infection
and frequently develops into chronic hepatitis and cirrhosis
(1) and hepatocellular carcinoma (2). A cDNA clone derived
from the most probable etiological agent, named hepatitis C
virus (HCV), was obtained by immunoscreening a cDNA
library derived from the plasma of a chimpanzee chronically
infected with HCV (3). By using an anti-HCV ELISA with
recombinant HCV antigen (C100) expressed in yeast, serum
antibody against C100 protein was detected in 70—80% of the
chronic NANBH patients examined in Japan, Italy, and the
United States (4). Furthermore, a high incidence of the
antibody in patients with hepatocellular carcinoma was also
reported (5-7).

The HCV genome is considered to be a positive-stranded
RNA molecule of about 10 kilobases and its partial nucleotide
sequence (7310 nucleotides) has been determined (8). A
search for sequence homology of the HCV genome indicated
that this virus is slightly related to flaviviruses and pesti-
viruses (9). We have frequently detected the HCV genome in
plasma and liver specimens from patients with NANBH by
reverse transcription followed by the polymerase chain re-
action (RT-PCR) (10, 11) and found that Japanese isolates
(HCV-J) showed sequence variations from the original isolate
in the United States (HCV-US) (10, 12). On RT-PCR se-
quence analyses of the region of the putative nonstructural
protein 5 (NSS) of 19 HCV-J isolates, we found that 14-17%
of the nucleotide sequence differed from that of HCV-US
(12). The nucleotide sequences of the HCV-J isolates showed
several characteristic common differences from that of HCV-
US, although 2.5-11% sequence diversity was detected
among the HCV-J isolates (12). These results suggested the
existence of at least two subtypes of HCV in the world. To
clarify this point, we molecularly cloned the almost whole
HCV-J viral genome and compared its nucleotide sequence*
with the published portions of genome sequence of HCV-US
®).
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METHODS

Preparation of Nucleic Acids. RNAs from samples of
plasma from NANBH patierts with high values of alanine
aminotransferase were prepared as described (10).

RT-PCR. RT-PCR using RNA from plasma was carried
out as described (12, 13). Oligonucleotide primers were
designed from the nucleotide sequence of the HCV-J or
HCV-US @8, 10, 12).

Construction of cDNA Libraries. RNAs from plasma sam-
ples of nine patients with NANBH, in which the HCV
genome was detected by the RT-PCR, were used for making
the cDNA libraries. A cDNA library of these RNAs was
prepared in Agtl1 using several primers, which were designed
from the nucleotide sequence of HCV-J obtained by RT-
PCR, and a cDNA synthesis kit from Bethesda Research
Laboratory (14). For isolation of the 3’ end of the HCV-J
genome, another cDNA library was prepared using oligo(dT)
primer, after polyadenylylation of plasma RNAs with Esch-
erichia coli poly(A) polymerase (15).

Cloning and Sequencing. RT-PCR prodicts were molecu-
larly cloned as described (10, 12). To avoid the possibility of
misreading by Thermus aquaticus polymerase, we isolated
three clones and determined their nucleotide sequences by
the dideoxy-nucleotide chain-termination method (DNA se-
quencing kit, United States Biochemical). cDNA libraries
were screened by the method of Benton and Davis (16) with
cDNA fragments of the HCV-J genome obtained by RT-PCR
as probes. The cDNA inserts of Agtll obtained were sub-
cloned into pTZ19R plasmid vector and used for sequence
analysis.

RESULTS

Nucleotide Sequence and Deduced Amino Acid Sequence of
the HCV-J Genome. The nucleotide sequences of clones 1-23,
which were obtained by the RT-PCR and cloning of the
cDNA library, were determined (Fig. 1). Adjacent sequences
of these clones were overlapped to construct the sequences
of the almost whole HCV-J genome of 9413 nucleotides. The
base composition of this sequence is 20.0% adenine, 21.4%
thymine, 30.0% cytosine, and 28.6% guanine. This sequence
has a single open reading frame (ORF) of 9030 nucleotides
beginning at the first ATG at nucleotide 330. This ORF spans
virtually the entire length of the RN A, excluding 329 nucle-
otides of 5’ untranslated region and only 54 nucleotides of 3’
untranslated region. No other long ORF that is able to code
for more than 134 amino acid residues was found in either the

Abbreviations: HCV, hepatitis C virus; NANBH, non-A, non-B

hepatitis; HCV-J, Japanese type of HCV; HCV-US, American type

of HCV; PCR, polymerase chain reaction; RT, reverse transcription;

RT-PCR, RT followed by PCR; NS, nonstructural; ORF, open

reading frame.

*The sequence reported in this paper has been deposited in the
GenBank data base (accession no. D90208).
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Physical maps of HCV-J-derived cDNA clones chosen for nucleotide sequencing and their positions relative to the. RNA genome.

Thick bars indicate the cDNA clones obtained from cDNA libraries and open boxes indicate the cDNA clones obtained by RT-PCR. Assignment

of the structural region is described in the Discussion.

sense or the complementary strand of the RNA genome. The
complete nucleotide sequences of the HCV-J cDNA clones
and the deduced amino acid sequence of the long ORF are
shown in Fig. 2.

Comparison of Nucleotide and Deduced Amino Acid Se-
quences of the HCV-J and HCV-US Genomes. The nucleotide
sequences of the HCV-US genome from residue 1282 to
residue 1672 and from residue 1678 to residue 9178, which
have been reported (8, 17), were compared with the corre-
sponding sequences in HCV-J. The percentage homologies in
blocks of 99 nucleotides or 33 amino acids were calculated,
and the values are shown schematically in Fig. 3. No region
shows more than 90% homology of nucleotide sequences, but
at the amino acid sequence level several portions, including
the central and C-terminal portions, of the putative protein
show nearly 100% homology with those of the HCV-US
genome. Nucleotide changes appear to be distributed
throughout the genome, with divergences ranging from 10.1
to 39.4% in the translated region. Only 22.3% of the base
changes result in amino acid substitutions. The difference in
nucleotide sequences between HCV-J and HCV-US is 22.6%
and the difference in amino acid sequences is 15.1%. Nota-
bly, one amino acid is missing between positions 2413 and
2414 of HCV-], as judged by comparison with the sequence
of HCV-US (Fig. 2). This amino acid was also missing in
three other cDNA clones derived from three patients (data
not shown), and so this deletion appears to be characteristic
of the HCV-J genome.

DISCUSSION

In this report, HCV-J was molecularly cloned from the
plasma of NANBH patients by the RT-PCR method and from
cDNA libraries primed with specific primers, and the nucle-
otide sequences of the cDNAs obtained were determined. We
found that the HCV-J genome has a long ORF that can
encode a polyprotein of 3010 amino acids and shows se-
quence differences from HCV-US. Previous analyses of
limited regions of HCV-J, which corresponds to the NS5 of
flavivirus and is the most conservative domain, showed
sequence differences in HCV-J and HCV-US (10, 12). In the
present study, we found that sequence differences were
located throughout the genomes and that approximately 23%
of the nucleotide sequences of the two is different. Therefore,
we propose that HCV-J and HCV-US are different subtypes
of HCV.

A homology search using the partial sequence of the
HCV-US genome indicated that HCV is related to flavi-
viruses and pestiviruses (9). As for HCV-US (9), the Ala-
Gin-Arg-Arg-Gly-Arg-Xaa-Gly-Arg amino acid sequence
(amino acid residues 1485-1493 in this work) is conserved in
HCV-J, Dengue virus (18), Kunjin virus (19), Japanese en-
cephalitis virus (15), yellow fever virus (20), West Nile virus
(21), hog cholera virus (22), and bovine viral diarrhea virus
(23), except that, in HCV-US, the first position of this
conserved amino acid sequence is threonine instead of ala-

nine. This conserved sequence is located in the central
portion of the NS3 protein and is specific in flaviviruses and
pestiviruses. HCV-J polyprotein and the NS5 proteins of
flaviviruses and pestiviruses contain the third motif (Gly-
Asp-Asp motif, amino acid residues 2736-2738 in HCV-J) of
the four conserved motifs in RNA-dependent-polymerase-
encoding elements (24). The distance between Ala-Gin-Arg-
Arg-Gly-Arg-Xaa-Gly-Arg and the Gly-Asp-Asp motif in
HCV-J polyprotein is 1243 amino acids. This distance is more
like those in flaviviruses (amino acids 1213-1228) than those
in pestiviruses (amino acids 1528-1529).

The polyprotein of HCV-J could be processed by cellular
proteases (including signalase or Golgi proteases) and viral
protease, as proposed for other flaviviruses (25). The first 120
amino acids of the N-terminal portion of the ORF are rich in
basic amino acids (arginine and lysine, 23%) and proline
(13%), like those in the core proteins of other flaviviruses
(25). Furthermore, 15 putative N-glycosylation sites are
clustered from amino acid 196 to amino acid 645, as in the
envelope proteins of other pestiviruses (22, 23). The hydro-
phobicity profile of the N-terminal region is also partially
similar to those of flaviviruses (25) and pestiviruses (22, 23).
These features of the HCV-J RNA genome suggest that the
N-terminal portion (700-800 amino acids) of this virus en-
codes the viral structural protein. In particular, the viral core
protein may be created by cleavage at about amino acid 190,
which is located after signal sequences that contain hydro-
phobic regions preceding the envelope protein.

The structure of the HCV-J genome determined in this
work has mosaic features of the Japanese type, because it has
been determined from a mixture of nine plasma samples that
were positive for the HCV-J genome by RT-PCR. It should
be noticed that there is 2.5-11% sequence diversity among
the HCV-J isolates in the region of clone 20 (see Fig. 1), which
is the most conserved region (12). In addition to 23 cDNA
clones from which the sequence of the whole genome of
HCV-J was determined, we obtained several other cDNA
clones during screening of the cDNA library. The nucleotide
sequences of these clones also show approximately 10%
sequence diversity from the representative sequence of the
HCV-J genome (data not shown).

The nucleotide sequences of two NS regions derived from
HCV-J were reported (26, 27). These sequences of 583
(corresponding to residues 4676-5258 of HCV-J) and 269
(corresponding to residues 6856—7124 of HCV-J) nucleotides
also showed 7% and 10% sequence diversity, respectively,
from that of the HCV-J genome. Furthermore, two other
groups reported sequences of the 5’ terminus of the HCV
genome; Okamoto et al. (28) reported the sequences of two
strains, HC-J1 and HC-J4 (corresponding to residues 6-1868
of HCV-J) and Takeuchi et al. (29) reported the sequence of
one strain (corresponding to residues 240-1652 of HCV-J).
All these nucleotide sequences except that of HC-J1 showed
more than 90% homology with each other. The sequences of
these strains can be included in the category of sequence
variations of HCV-J isolates. However, the HC-J1 strain
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TTGGGGGCGACAC TCCACCATAGATCACTCOCC TG TGAGGAACT ACTGTCTTCACGCAGAAAGCGTCTAGCCATGGCGTTAGT ATGAG TG TTGTGCAGCCTCCAGGACCCCCCCTCOCGGGAGAGCCATAGTGG TCTGCGGAA
CCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCT TGGATCAACCGC TCAATGOC TGGAGAT TTGGGCGTGCCCCCGCGAGACTGC TAGCCGAGTAG TG TTGGGTCGCGAAGGCC TTGTGGTACTGCCTGATAG

GGTGCTTGCCAGTCCCCCGGGAGGTC1CGTlGACCG1GCATCATCAGCACAAASCCTAAACCTCAA!GAAAAAOCAAAOGTAACACCAlCOGCCGCCCACAG6l0GTTlAGT1CCCEGGOGGTCGTCIGA?CCT1GGTGGAGTT
S TNPKPQRKTIKRNTNRRPQDVKFPGGGQTIVGGYV

TACCTGTTGCCGCGCAGGGGCCCCAGGT GGG TG TGOGCGCGACTAGGAAGACT TCCGAGCGGTCGCAMCC TCGTGGAAGGCGACAACCTATCOCCANGGC TCGOCGGOCCGAGGGTAGGACC TGGGCTCAGCCCGGGTACCCT
YLLPRRGPRLGVRATRIKTS SERSOQPRGRRQPTIPIKARRPEGRTWMWAQEPGYT?P

TGGCCCCTCTATGGCAACGAGGGTATGGGG TGGGCAGGATGGC TCCTGTCACCCCG TGGCTCTCGGCCTAG TTGGGGCOCCACAGACCCCCGGCGTAGG TCGCGTAAT TTGGGTAAGGTCATCGATACCCTTACATGCGGCTTC
WPLYGNEGMGUMAGE ®ILLSPRGSRPSWNGPTDPRRRSRNLGKVYIDTILTTC CGTF

GCCGACCTCATGGGGTACATTCCGCTTG TCGGOGOCCCCCTAGGGGGOGCTGCCAGGGCCCTGGCACATGG TG TCCGGGT TCTGGAGGACGGCGTGAAC TATGCAACAGGGAATCTGCCCGGTTGCTCTT ICTCTATCTICCTC
ADLMGYTIPLVGAPLGGAMARAMLAHGVRVYVLEDGVNYAMANTGNILEPGCST FS SITFIL

TTAGCTTTGCTGTCTTGTTTGACCATCCCAGCTTCCGCTTACGAGG TGCGCAACG TG TCCGGGATATACCATGTCACGAACGACTGC TCCAACTCAAGTATTGTGTATGAGGCAGCGGACATGATCATGCACACCCCCGGGTGC
LALLSCLTTIPASAYEVRNVSGIVYHVTNDCSNSSIVYEAADMIMHETEPGC
— —

GTGCCCTGCGTCCGGGAGAGTAATT TCTCCCETTGC TGGGTAGCGC TCAC TCCCACGCTCGCGGCCAGGAACAGCAGCATOCCCACCACGACAATACGACGCCACGTCGATT TGCTCGT TEGGGCGGCTGCTCTCTGTTCCGCT
VPCVRESNFSRCWNVALTPTLAARNSSIPTTTIRRHVDLLVGARMAMLTCSHA
— am—

ATGTACGTTGGGGATCTCTGCGGATCCGTTTTTCTCGTCTCCCAGCTGTTCACCT TCTCACCTCGCCGGTATGAGACGGT ACAAGAT TGCAAT TGCTCAATCTATCOCGGCCACGTATCAGGTCACCGCATGGCTTGGGATATG
MYVGEDLCGSVFLVSQLFTTFSPRRYETVQDCMNCSIYPGHVSGHRMAUNDM

ATGATGAACTGG TCACCTACAACGGCCCTAGTGGTATCGCAGCTACTCCGGATCCCACAAGCCGTOGTGGACATGG TGGCGGGEGCCCACTGEGG TG TCCTAGCGGGCCT TGCC TACTATTCCATGETGGGGAACTGGGCTANG
M M NWSPTTALVYVSQLLRIPQAVVDMYVYAGAHMWGVLAGLAYYSMYVGHNUMWAK

GTCTTGATTGTGATGCTACTCTTTGCTGGOGTTGACGGGCACACCCACGTGACAGGGGGAAGGGTAGCCTCCAGCACCCAGAGCCTCGTGTCC TGGCTCTCACAAGGCCCATCTCAGAAAATCCAACTCGTGAACACCAACGGC
V1IIVMLLFAGVDGHTHVTGGRVASSTQSILVSWILSQGPSQKTIOQLVNT l i

AGCTGGCACATCAACAGGACCGC TCTGAATTGCAATGACTCCCTCCAAACTGGGT TCATTGCTGCGCTGT TC TACGCACACAGGT TCAACGCG TCCGGG TGCOCAGAGCGCATGGCTAGCTGCCGOCCCATCGATGAGTTCGCT
S WHINRTALNCNDSILQTGTFTIAARALTFYAHRFMNASGC CPERMASCREPIDETFA
- — — —

CAGGGGTGGGGTCCCATCACTCATGATATGCCTGAGAGCTCGGACCAGAGGCCATAT TGCTGGCACTACGCGCC TCGACCGTGOGGGATCGTGOC TGOGTOGCAGG TG TG TGGTCCAGTGTAT TGCT TCACTCCGAGCCCTGTT
QGWGPITHDMPESSDOQRPYCWHYAPRPCGIVPASQVCGPVYCFTEPSEPV

GTAGTGGGGACGACCGATCGT TTCGGCGC TCCTACGTATAGC TGGGGGGAGAATGAGAC AGACGTGCTGC TACT TAGCAACACGCGGOCGCCTCAAGGCAAC TGGTTTGGGTGCACGTGGATGAACAGCACTGGGT TCACCAAG
VVGTTDRFGAPTYSWGEUNETDVILLLSNTRPPQGNKUWNFGC CTWMMNSTGTFTHK
— ———

CGTGCGGGGGCCCTCCGTGCAACATCGGGGGGETCGGCAACAACACC TTGGTCTGCCCCACGGATTGCT TCCGGAAGCACCCCGAGGCCACT TACACAAAG TG TGGC TCGGGGCCCTGGTTGACACCCAGGTGCATCGT TGAC
TCGGPPCNTIGGVGNNTILVCPTDCFRIKUHEHPEATYTIKCGSGPWILTPRTCMMUVD

TACCCATACAGGCTCTGGCACTACCCCTGCACTGTTAACTTTACCGTCTTTAAGG TCAGGATGTATGTGGGGGGCG TGGAGCACAGGCTCAATGC TGCATGCAATTGGAC TCGAGGAGAGCGC TG TGACTTGGAGGACAGGGAT
YP YRLWHYPCTVNFTVFKVRMYVGGVEHRTLWNAAMCNUGUMTRGERTCDTLETDTRTD
e— ———

AGGTCAGAACTCAGCCCGCTGCTGCTGTCTACAACAGAGTGGCAGATACTGCCCTGT TCCTTCACCACCCTACCGGCCCTGTOCACTGGCT TGATCCATCTTCACCGGAACATCGTGGACG TGCART ACCTGTACGGTATAGGG
RSELSPLILLSTTEUWWQILPCSTFTTILZPALSTOGLTIHLHRNIVDVQYILYGTIG

TCGGCAGTTGTCTCCTTTGCAATCAAATGGGAGTATATCC TG TTGCTT TTCCTTCTTCTGGCGGACGCGCGCGTCTGTGCCTGCT TG TGGATGATGC TGCTGATAGCCCAGGCTGAGGCCACCTTAGAGAACCTGGTGGTCCTC
S AVVSFAIKUNEYTIILILLFLLLADARVYVCACLWMMILILTIAQAEATTILENILUVVIL

MATGCGGCGTCTGTGGCCGGAGCGCATGGCCTTCTCTCCTTCCTCGTCTTCTTCTGCGCCGCCTGGTACATCAAAGGCAGGC TGGTCCCTGGGGCGECATATGC TCTCTATGGCGTATGGCCG TTGCTCCTGC TCTIGCTGEOC
NAASVAGAHGLILSFILVFFCAAWYIKGRLVPGAAYALYG GV ¥WPILLILLLLA

TTACCACCACGAGCTTATGCCATGGACCGAGAGATGGC TGCATCGTGCGGAGGCGCGGT TT TIGTAGGTCTGGTACTCTTGACCT TGTCACCATACTATAAGGTGT TCCTCGCTAGGCTCATATGGTGGTTACAATATTTTATC
LPPRAYAMDREMAASCGGAVFVGLVLILTLSZPYYKVFILARILTIUNMNILQYTFI

ACCAGAGCCGAGGCGCACTTGCAAG TGTGGGTCCCCCCTCTCAATG TTCGGGGAGGCCGCGATGCCATCATCCTCCTTACATGCGCGGTCCATCCAGAGCTAATCTTTGACATCACCAAACTCCTGCTCGCCATACTCGGTCCG
TRAEAHLQV WVPPLNVRGGRDAITIILLTCAVHPEILTIFDITIXKILILLAILGT?®P

CTCATGGTGCTCCAGGCTGGCATAACTAGAGTGCCGTACTTTGTACGCGCTCAGGGGCTCATCCGTGCATGCATGT TAGTGCGGAAGGTCGCTGGAGGCCAC TATG TCCAAATGGCCTTCATGAAGC TGGCOGOGCTGACAGGT
LMVLQAGITRVPYFVRAQGLTIRACMLVRIKYVAGGHYVQMAFMEKTLAALTSG

ACGTACGTATATGACCATCTTACTCCACTGCGGGATTGGGCCCACGCGGGCCTACGAGACCTTGCGGTGGCAGT AGAGCCCG TCG TC TTCTCTGACATGGAGAC TAAACTCATCACCTGGGGGGCAGACACOGCGGOG TG TGGG
TYVYDHILTPLRDWAHAGLRDILAVAVEPVVFSDMETI XKTLTITWMWGADTA AAMCGEG

GACATCATCTCGGGTCTACCAGTCTCCGCCCGAAGGGGGAAGGAGATACT TCTAGGACCGGCCGATAG TT TTGGAGAGCAGGGGTGGCGGC TCCT TGCGOCTATCACGGCCTAT TCOCAACAAACGCGGGGCCTGC TTGGCTGT
DITI1SGLPVSARRGKETIILLGPADS ST FGEQ QGW¥WRILLAPTITAYSQQTRGLILGEC

ATCATCACTAGCCTCACAGGTCGGGAC AAGAACCAGGTCGATGGGGAGGT TCAGGTGCTCTCCACCGCAACGCAATCTTTCCTGGOGACCTGCGTCAATGGCGTGTGT TGGACCGTCTACCATGG TGOCGGCTCGAAGACCCTG
I I TS LTGRUDIKNQ@VDGEVQUVLSTATOQSTFLATCVNGVCMWTVYHGAGS ST KTIL

GCCGGCCCGAAGGGTCCAATCACCCAAATGTACACCAATGTAGACCAGGACCTCGTCGGCTGGCCGGCGCCCCCCGEEECGCGCTCCATGACACCGTGCACCTGCGGCAGCTOGGACCT TTACTTGG TCACGAGGCATGCTGAT
AGPKGPITAOQMYTNVDQDLVGWPAPPGARSMTPCTCGS SDILYULVTRIBEANMD

GTCGTTCCGG TGCGCCGGCGGGGCGACAGCAGGGGGAGCC TGCTTTCCCCCAGGCCCATCTCCTACCTGAAGGGCTCC TCGGGTGGACCAC TGCT TTGCCCT TCGGGGCACG TTGT AGGCATC TTCCGGGC TGCTG TG TGCACC
VVPVRRRGDSRGSLLSPRPTISYLIKGSSGGPILLCPSGHVVGIFRAAVCT

CGGGGGGTTGOGAAGGCGGTGGACT TCATACCCGTTGAGTCTATGGAAAC TACCATGCGGTCTCCGGTCT TCACAGACAACTCATCCCCTCCGGCOGTACCGCAAACATTCCAAGTGGCACAT TTACACGC TCCCACTGGCAGC
RGVAXAVDFI1PVESMETTMRSEPVFEFTDNSSPPAVPQTFOQVAHLEHEAPTGS

GGCAAGAGCACCAAAG TGCCGGCTGCATATGCAGCCCAAGGGTACAAGGTGCTCGTCCTAAACCCGTCCGTTGCCGCCACAT TGGGC TT TGGAGCGTATATG TCCAAGGCACATGGCATOGAGOCTAACATCAGAACTGGGGTA
G XK STKVPAAYAAQGYKVILVLNPSVAATLGFGAYMSKAHGTIETPNTIRTGV

AGGACCATCACCACGGGCGGCCCCATCACGTACTCCACCTATTGCAAGTTCCTTGCCGACGGTGGATGCTCCGGGGGCGCCTATGACATCATAATATGTGATGAATGCCACTCAAC TGACTOGACTACCATCT TGGGCATCGGC
RTITTGGPTITYSTYCKTFILADGGC CSGGAYDTITITICDETCHSTDSTTTIILGTIG

ACAGTCCTGGATCAGGCAGAGACGGCTGGAGCGCGGCTCGTCGTGC TCGCCACCGCCACGCCTCCGGGATCGATCACCGTGCCACACCCCAAC ATCGAGGAAGTGGOCCTGTCCAACACTGGAGAGATT CCCT TCTATGGCAAA
TVLILDQAETAGARTLVVLATATEPPGSITV?PHPNTIEEVALSNTGETIZPTFTVYGCK

GCCATCCCCATTGAGGCCATCAAGGGGGGAAGGCATCTCATCTTCTGCCATTCCAAGAAGAAG TGTGACGAGCTCGCCGCAANGC TGACAGGCCTCGGACTC AATGCTGTAGOG TATTACCGGGG TCTCGATGTGTCCGTCATA
AT PIEAIKGGRIHLTIFCHSIKIKIKTCDETLAAKLTGLGILNAVAYYRGLDVSVI

CCGACTAGCGGAGACGTCG TTGTCGTGGCAACAGACGC TCTAATGACGGG TTT TACCGGCGACTT TGACTCAGTGATCGACTGCAACACATGTGTCACCCAGACAG TCGATT TCAGCTTGGATCCCACCTTCACCATTGAGACG
PTSGDVVVVATDALMTGFTGDTFDSVIDCNTCVTQTVDFSILDPTTFTTIET

ACAACGCTGCCCCAAG NOGOGGTGTOGCGTGCGCAGCGGCGAGG TAGGAC TGGCAGGGGCAGGAG TGGCATCTACAGG TT TG TGACTCCAGGAGAACGGCCC TCAGGCATGT TCGACTCCTCGGTCC TG TG TGAGTGC TATGAC
TTULPQDAV SRAMQRRGRTGRGRSGIYRFVTPGERTPSGMFDSSVLCETCYD

GCAGGCTGCGCT TGGTATGAGCTCACGCCCGCTGAGACCTCGGT TAGG TTGCGGGCT TACCTAAATACACCAGGGT TGCCCGTCTGCCAGGACCACC TAGAG TTCTGGGAGAGCGTCTTCACAGGCC TCACCCACATAGATGCC
AGCAWNWNYELTPAETSVRLRAYLNTPGILPUVCQDUHLTETFUWMWET SVF FTGLTUHTITDA

CACTTCTTGTCCCAGACCAAACAGGCAGGAGACAACCTCCCCTACCTGGTAGCATACCANGCCACAGTGTGCGCCAGGGCTCAGGCTCCACCTCCATCG TGGGACCAAATGTGGAAGTG TCTCATACGGCTAAAGCCCACACTG
HFLSQTXOQAGTDNTILZPYLVAYQATVCARAQAPEPZPSWNDOQMOUM¥NKCLTIRILIEKTPTIL

F1G. 2. (Figure continues on opposite page.)

143
287

431
k1)

575
82

719
130

863
178

1007
226

1151
N

1295
322

1439
370

1583
418

1727
466

1871
514

2015
562

2159
610

2303
658

447
706

2591
754

2735
802

2879
850

3023
898

3167
946

3311
994

3455
1042

3599
1090

3743
1138

3887
1186

4031
1234

4175
1282

4319
1330

4463
1378

4607
1426

4751
1474

4895
1522

5039
1570

5183
1618



Biochemistry: Kato ez al. Proc. Natl. Acad. Sci. USA 87 (1990)

9527

CATGGGCCAACGCCCCTGC TG TACAGGCTAGGAGCCGT TCAAAATGAGGTCACTCTCACACACCCCATAACCAAATACATCATGGCATGCATG TCGGCTGACCTGGAGGTCGTCACTAGCACCTGGGTGCTAGTAGGCGGAGTC 5327
HGPTPLLYRLGAVQNEVTLTHPITKYTIMACMSADTLEVVTSTUWVLILVGGYV 1666
I
CTTGCGGCTCTGGCCGCGTACTGCC TGACGACAGGCAGCG TGGTCATTGTGGGCAGGATCATC TTGTCCGGGAGGCCAGC TG TTATTCCOGACAGGGAAGTCCTCTACCAGGAGTTCGATGAGATGGAAGAGTGTGCTTICACAC 5471
LAALAAYCLTTGSVVIVGRITILSGRZPAVIPDREVLYOQETFUDEMETETCAMAuSH 1714
CTCCCTTACATCGAGCAAGGAATGCAGCTCGCCGAGCAAT TCAAACAGAAGGCGCTCGGATTGCTGCAAACAGCCACCAAGCAAGOGGAGGCTGC TGCTCOCGTGG TGGAGTCCAAGTGGC 5615
LPYIEQGMOQLAEQFKQKALGLLOQTATK KGO QAEAAAMAPVVESIKU UWRALETUVTEHUWA 1762
AAACACATGTGGAACT TCATCAGCGGGATACAGTACTTGGCAGGCC TATCCACTC TGCCTGGAAACCCOGOGATAGCATCAT TGATGGC TT TTACAGCC TCTATCACCAGCCOGCTCACCACCCAMATACCCTCCTGTITANC 5759
K HMMWNFI1S8SG6G1QYLAGLS STTLPGNPAIASLMAFTASITSPLTTOQNTTLTLTFEFN 1810
ATCTTGGGGGGATGGGTGGCTGCCCAACTCGCTCOCCCCAGCGC TGCTTCGGC TT TCGTGGGCGCOGGCATTGCCGGTGCGGOCG TTGGCAGCAT. 'ACTTGTGGACATTCTGGCGGGCTA! 5903
1L GG WV AAQLAPPSAASAFVGAGIANGAAVGSIGLGKVYILVDILAGYGAG 1858
GTGGCTGGCGCACTCGTGGCCTT TAAGGTCATGAGCGGCGAGATGCOCTCCACTGAGGATC TGGT TAATT TACTCCCTGCCA' AATACTGCGTCGGCACGTG 6047
VAGALVAFKVMSGEMPSTEDLVD¥LLPAILSPGALVVGVVCARARAIILRR RIHBY 1906
GGCCCGGGAGAGGGGGCTGTGCAGTGGATGAACCGGCTGATAGCGT TCGC TICGCGGGG TAACCACGTCTOCCCCACGCACTATG TGCCOGAGAGOGACGOCGCGGCGCG TGTTACTCAGATCCTCTCCAGCCTTACCATCACT 6191
GP GEGAVQWMNR RILTIAFASRGNUHY SPTHYVPESDAAARVYVTOQIULSSLTTIT 194
CAGTTGCTGAAGAGGCTTCATCAGTGGATTAATGAGGACTGC TCCACGCCTTGTTCCGGCTCGTGGCTAAAGGATG TTTGGGACTGGATATGC. 6335
QL LXRLHOQWWINEDTCSTZPCSGSWILKDVWDWICTVLSDTFI KTUMWWILQSXILTLZPR 2002
TTACCGGGACTCCCTTTCC TG TCATGCCAACGCGGGTACAAGGGAG TCTGGCGGGGGGATGGCATCATGCAAACCACC TGCCCATGTGGAGCACAGATCACCGGACA! 6479
LPGLPFLSCQRGYKXKGVWRGDGIMQTTCPCGAQITGHVIKNGSMRIUVGEPK 2050
—
ACCTGCAGCAACACGTGGCATGGAACATTCCCCATCAACGCATACACCACGGGCCCCTGCACGCCCTCCCCAGCGCOGAACTATTCCAGGGCGCTGTGGCGGGTGGCTGCTGAGGAGT! AT 6623
TCSNTWHGTT FPTINAYTTGP CTPSPAPNYSRALUWRVYVAAEETYVEVTRVGD 2098
—
TTCCACTACGTGACGGGCATGACCACTGACAACGTGAAATGCCCATGCCAGGTTCCAGCCCCTGAATT TTTCACGGAGGTGGATGGAGTACGG TTGCACAGG TATGCTCCAG TG TGCAAACCTCTCCTACGAGAGGAGGTCGT! 6767
FHYVTGMTTDNVIKCPCQVPAPETFTFTEVDGVRILHRYAPVCKPTILILRETEVYVY 2146
TTCCAGGTCGGGCTCAACCAGTACCTGGTCGGGTCACAGCTCCCATGTGAGCCCGAACCGGATGTGGCAGTGCTCACT TCCATGC TCACCGACCCCTCTCATATTACAGCAGAGACGGCCAAGCGTAGGCTGGCCAGGGGGTCT 6911
FQVGLNQQYLVGSQLPCEPEPDVAVILTSMLTDPSHTITAETAKRRILARGEGS 2194
CCCCCCTCCTTGGCCAGCTCT TCAGCTAGCCAGTTGTCTGCGCC TTCTTTGAAGGCGACATGTACTACCCATCATGAC TCOCCGGACGC TGACCTCATCGAGGCCAACCTCC TG TGGCGGCAGGAGATGGGCGGGAACATCACC 7055
PP SLASSSASQLSAPSLKATCTTHUHDSZPDADTILTIEANLTLUWROQEMGG G NIT 2242
—

CGTGTGGAGTCAGAAAATAAGGTGGTAA' TTCGGGCGGTGGAGGATGAGAGGGAAATATCCGTCCCGGCGGAGATCC TGCGAAAACCCAGGAAG TTCCCCCCAGCGTTGCCCATATGGGCACGE 7199
RVESENKVVILDSFDPTIRAVEDERETISVPAETILRKPRIEKTFPPALTPTIUMWNAR 2290
CCGGATTACAACCCTCCAC TGCTAGAG TCCTGGAAGGACCCGGACTACGTCCCCCOGGTGGTACACGGGTGCCCTT TGCCATCTACCAAGGCCCCCCCAATACCACCTCCACGGAGGAAGAGGACGGTTGTCCTGACAGAGTCC 7343
PDYNPPILLESWKDEPDYVPPVVHGCPLPSTIKAPPTIPPPRRIKRTVVLTES 2338
ACCGTGTCTTCTGCCTTGGCGGAGC TCGCTACTAAGACCT TTGGCAGC TCCGGGTCGTCGGCCGT TGACAGCGGCACGGCGACTGGCCC TCCCGATC AGGCC TCCGACGACGGCGACAAAGGA' ACTCC 7487
TVSSALAELAMTKTFGSSGSSAVDSGTATGPPUDOQASDDGDIKSGSDVETSTYS 2386
TCCATGCCCCCCCTCGAGGGAGAGCCAGGGGACCCCGACCTCAGCGACGGGTCTTGGTCTACCGTGAGCGGGGAAGCT! ACGTCGTCTGCTGCTCAATGTCCTATACATGGACAGGTGCCTTGATCACGCCATGCGCT 7631
S MPPLEGEPGDPDLSDGSUWSTVSGEA AGEDVVCCSMSYTWTGALTITEPTCA 2434
GCGGAGGAGAGCAAGT TGCCCATCAATCCGTTGAGCAACTCTTTGCTGCGTCACCACAGTATGGTCTACTCCACAACA' GCAGCGCAAGTCTGCGGCAGAAGAAGGTCACCTTTGACAGACTGCAAGTOCTGGACGACCAC 7775
AEESKLPTINPILSNSILLRUHHSMYVYSTTSRSASLROQKKVYTTFDRILAQUVLDTDH 2482
TACCGGGACGTGCTCAAGGAGATGAAGGCGAAGGCG TCCACAGT TAAGGCTAGGC TTCTATCTATAGAGGAGGCCTGCAAACTGACGCCCCCACATTCGGOCAAATCCAAAT TTGGCTACGGGGCGAAGGACGTCCGGAGCCTA 7919
YRDVLIKEMEKAKASTVKARTILLSTIETEAMACKTLTZPZPHSAKSKTFGYGAKDVR RSIL 2530
TCCAGCAGGGCCGTCAACCACATCCGCTCCGTGTGGGAGGACTTGC TGGAAGACACTGAAACACCAATTGATACCACCATCATGGCAAAAAATGAGG TTTTCTGCGTCCAACCAGAGAAAGGAGGCCGCAAGCCAGCTCGCCTT 8063
S SRAVNUHIRSVVUNEDILILEDTETEPTIDTTTIMAMEKNEVTFCVQPETZKSGG GRTIKTPARIL 2578
ATCGTATTCCCAGACCTGGGGGTACGTGTATGCGAGAAGATGGCCC TTTACGACG TGGTCTCCACCCTTCCTCAGGCCGTGATGGGCCCCTCATACGGATTCCAGTACTCTCCTGGGCAGCGGGTCGAGTTCCTGGTGAATACC 8207
1 VFPDLGVRVCEIKMALYDVVSTTLZPOQAVMGPSYGFQYSPGQRVETFILVNT 2626
TGGAAATCAAAGAAATGCOCCTATGGGC TTCTCATATGACACCCGCTGCTT TGACTCAACGG TCACTGAGAATGACA' TCAATTTACCAATGTTGTGACTTGGCOCCCGAAGCCAGGCAGGCCATAAGGTCG 8351
W K s KKCPMGTFSYDTRCFDSTVTEINDTIRTETES STIYQCCDILAPEA ARTO QATIRS 2674
CTCACAGAGCGGCTTTATGTCGGGGGTCCCCTGACTAATTCGAAGGGGCAGAACTGCGGTTATCGCCGGT! ACTAGCTGCGGCAALC, ATGTT. GT 8495
LTERILYVGGPLTNSIKGOQNTCGYRRCRASGVILTTSCGNTILTCYULEKATAAC 2722
CGAGCTGCAAAGCTCCAGGAC TGCACGATGC TCGTGAACGGAGACGACCT TGTCGTTATCTGTGAGAG TGCGGGAACCCAGGAGGATGCGGCGGCCCTACGAGCCT TCACGGAGGC TATGACTAGGTATTCCGCCCCCCCOGGE 8639
RAAKLQDCTMLVNGDDILVVICESAGTO QEDAAALRAFTEA AMTRYSAPTPG 2770
GACCCGCCCCAACCAGAATACGACT TGGAGCTGATAACGTCATGCTCCTCCAATGTG TCGG TCGCGCACGATGCATCCGGCAAAAGGGTGTACTACC TCACCCG TGACCCCACCACCCCCCTCGCACGGGCTGOGT! 8783
0OPPQPEYDLETLTITSCSSNVSVAHDASGIKRVYVYYLTRDPTTPLARAALWNET 2818

—
GTTAGACACACTCCAGTCAACTCCTGGCTAGGCAATATCATCATGTATGCGCCCACCCTATGGGCGAGGATGATTCTGATGACTCAT TTCTTCTCTATCCTTCTAGCTCAGGAGCAACT TGAAAAAGCCCTGGATTGTCAGATC 8927
VRHTPVNS WILGNTIMYAPTTLUWARMILMTHTFTFS SIILLAQEU QLETIKA ALTDTCAO QTI 2866
TACGGGGCCTGT TACTCCATTGAGCCACT TGACCTACCTCAGATCATTGAACGAC TCCATGGTCTTAGCGCATT TTCACTCCACAGT TACTCTCCAGGTGAGATCAATAGGGTGGC TTCATGCCTCAGGAAACTIGGGGTACOG 9071
Y GACYSIEPLDLPRQTITIERTILMHGLSAFSLHSYSPGETINRVASCILRIEKTLGVETEP 2914
CCTTTGCGAGTCTGGAGACATCGGGCCAGAAGTGTCCGCGCTAAGC TACTGTCCCAGGGGGGGAGGGC TGCCACTTGCGGCAAGT ACCTCT TCAACTGGGCAGT AAAGACCAAGCT TANACTCACTCCAAT 9215
P LRV WRHRARSV VRAKILLSQGGRAATCGKYTLTFNUWWAVKTIXTLI KTLTZPTIPA ARMLS 2962
CAGCTAGACTTGTCCGGCTGGTTCGTTGC TGGTTACAACGGGGGAGACATATATCACAGCCTGTCTCGTGCCCGACCCCGTTGGT TCATGT TG TGCC TACTCCTACTT TC TG TAGGGGTAGGCATCTACCTGCTCCOCAACCGG 9359
QLDLSGWFVAGYNGGDTIYHSLSRARPRUWFMILCLILLLSUVGVGIYTLLZPNR R 3010

9413

TGAACGGGGAGCTAACCACTCCAGGCCAATAGGCCATTCCCTTTTTTTTITTIC
*

FiG. 2.

Nucleotide sequence of HCV-J and deduced amino acid sequence of the long ORF. Nucleotide residues are numbered from th; 5’

end of the genomic RNA, and amino acid residues are numbered from the first methionine of polyprotein. Underlines indicate potential sites
of N-linked glycosylation. The arrow shows the position of the one amino acid missing compared with the sequence of the HCV-US genome.
Repeated nucleotide sequences in the 3’ untranslated regions are double underlined. For nucleotide exchanges between overlapping cDNA

clones, upstream cDNA clones are given priority for convenience.

shows only 80% homology with the other HCV-J strains and
is highly homologous (more than 95%) with HCV-US. Since
we found 2-7.6% sequence diversity among HCV-US iso-
lates derived from plasma samples of Japanese hemophiliacs
(M.H. and K.S., unpublished data), HC-J1 must belong to
the HCV-US group.

Clone 1 in this work starts at nucleotide —5 of HC-J4, and
so this HCV-J cDNA may cover the 5’ terminus of the viral
genome. It is noteworthy that we found the thymine stretch
in the 3’ terminal portion. The cDNA clone 22, with the
sequence of the most 3’ terminal portion of the viral genome,
contained TTTTTTTTTTTTC at its 3’ terminus. This se-
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Homology of nucleotide and deduced amino acid sequences of the HCV-J and HCV-US genomes. Successive sequences of 99

80-75%

[175-70%

] <70%

nucleotides or 33 amino acids are compared. Shades indicate degrees of homology. Numbers of nucleotide and amino acid sequences of the

HCV-J genome are shown.

quence might be the actual 3’ terminus of the viral genome,
although other possibilities are that degradation of the tem-
plate RNA may have occurred before addition of adenine
residues by poly(A) polymerase or that the 3’ terminus is not
polymerized because of its strong secondary structure, as
observed with other flaviviruses (25). This thymine stretch
and the length of the 3’ noncoding region (54 nucleotides) are
similar to those of poliovirus (30), but poliovirus has a
poly(A) tail. Therefore, the 3’ terminus of the HCV-J genome
may differ from those of other viruses including flaviviruses.
The genetic information on the HCV-J genome obtained in
this study will be useful in future studies, including those on
infection, proliferation, the pathogenesis of HCV, and de-
velopment of a vaccine.
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